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RESEARCH MEMORANDUM

I NVESTI GATI ON OF THE I-4C JET- PROPULSI ON ENGINE
IN TEE CLEVELAND ALTITUDE WIND TUNNEL

V - OPERATI ONAL CEARACTERISTICS

By Richard L. Golladaey and Stanley L. Gendler

SUMMARY

An investigation has been conducted in the Cleveland altitude
wind tummel to determine the operational characteristics Of the
I-40 jet-propulsion engine over a range O pressure altlitudes
from 10,000 to 50,000 feet end ram pressure ratios £rom 1.00
to 1.76. Engi ne operational date were obtained with the engine
in the standard configuration snd withk various nodifications of
t he fuelsystem, t he electrical system, and t he conbusti on cham-
bers. The effects of altitude amd airspeed on operating speed
renge, starting, windmilling, accel eration, speed regul ation,
cooling, and vibration of the standard and nodified engi nes were
determined, and damage to parts was not ed.

Meximum engine speed was obtainable at all altitudes and air-
speeds with each fuel -control systeminvestigated. The minimum
idling speed was raised by increases in altitude and airspeed. The
lowest minimm stabl e speeds were obtained with the standard con-
figuration using 40-gallon nozzles w th individual nmetering plugs.

The engine was started normally at altitudes as high as
20,000 feet with all of thefuel systens and ignition conbinations
except one. Ignition at 30,000 feet was difficult and, although
successful ignition occurred, acceleration was slow and ususlly
characterized by excessive tail-pi pe temperature. During wind-
mlling investigations of the engine equipped with the standard
fuel system, the engine could not be started at rem pressure ratios
of 1.1 to 1.7 at altitudes of 10,000, 20,000, and 30, 000 feet,

When equipped with the producti on barometric and Monarch
40-gallon nozzles, the engine accelerated in 12 seconds from an

engi ne speed of 6000 rpm to 11,000 rpm at 20,000 feet and an aver-
age tail-pipe tenperature of 1100° F. At the same altitude and
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temperature, all the engine configurations had approxi mately the
same rate of acceleration. The Woodward governor produced the
saf est accelerations, Inasmuch as it could be adjusted to auto-
matically prevent accel eration bl ow out.

The engi ne speed was held constant by the Woodward governor
and the Edwards regul ator during sinulated dives and climbs at
const ant throttle position

The bearing cooling systemwas satisfactory at all altitudes
and airspeeds. The engines operated without serious failure,
al t hough the exhaust cone, the tail pipe, and the airplane fuse-
| age were demaged during altitude starts.

IRTRODUCTION

Performance and operational characteristics of the |-40 jet-
propul sion engi ne installed in an airplene fusel age have been
investigated in the Ceveland altitude wind tunnel. Perfornmance
characteristics of the engine and its conponent parts are given in
references 1 to 4.

The operational characteristics of three I-40 engines in

17 configurations are presented herein. The engine fuel Systens,
el ectrical systens, and combustion chambers were modified in an
effort to improve the operational charaoterlstics. The effects of
altitude, free-stream inpact pressure (or airspeed), configuration
tail - pi pe temperature, and fuel on operating speed range, starting,
windmilling, acceleration, speed regul ati on, cooling, and vibra-
tion of the standard and nodified engi nes were deternined. Engine
operating time between overhauls is given and parts failures are
descri bed

Two irlet configurati ons were used on the airplane. During
nost of the operational runs, air was taken from the tunnel test
section through the normal inlet ducts of the airplane. Windmill-
ing and cooling-air-flow data were obtained with the airintroduced
into the imlet ducts through a ram pipe fromthe tunnel make-up air
systent

The investigation was conducted over a range of pressure alti-
tudes from 10,000 to 50,000 feet and at ram pressure ratios from
1.00 to 1.76 with approxinate corresponding standard inlet-air
t enper at ur es.
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IESCRTPTION OF ENGINE AND INSTALLATION

The I-40-3 Jet-propul sion englne is rated at3750 pounds
static thrust at an engine speed of 11,50C rpm at sea level Wi th
an air flow of epproximately 75 pounds per second and a fuel flow
of 440C pounds per hour. The length Of the engine (excludi ng the

tail pipe) is 102% i nches, the maximumdi ameter is 48 inches, and

the total wei ght is 1850 pounds. The engine consists of a double-
inlet centrifugal conpressor, 14 conbustion chanbers, and a single-
stage impulse turbine. A detailed description is given in
reference 1.

The engi ne was installed in an airpl ane fuselage mounted in
t he 20-foot-diameter test section X the Cleveland eltitude wind
tunnel (fig. 1). Air entered the alrplame through inlets at both
sides of the fuselage and flowed through ducts into a plenum cham-
ber surrounding the conpressor section of the engine.

Two inlet configurations were used on the airplane. During
most of the operational investigations, air was taken from the
tunnel test section through the normal inlet ducts of the airplane
When windmilling and cooling-air-flow data weretaken, air fromthe
tunnel make-up air system was introduced into the inlet ducts
through a ram pip8 (fig. 2). Pressure in the ram pipe could be
varied fromtunnel pressure to epproximately sea-level pressure.

The airpl ane instellation included a tail pipe 93.3 inches in
| ength, which tapered uniformy froma 2l-inch diameter at the
exhaust-cone outlet to a 19-inch diameter at the tail-pip8 Qutlet.

PROCEDURE AND INSTRUMENTATION

I nvestigations were conducted over a range Of pressure alti-
tudes from 10,000 to 50,000 feet with epproximate correspondi ng
standard air tenperatures. Wen the normel inlet ducts were used
the free-streaminpact pressure was nmaintained at a value of 40,

80, or 130 pounds per sguare foot; when air was introduced into the
inlet ducts through the ram pi pe, the ram pressure ratio was varied
fron approximately 1.05 to 1.76, which correspond to flight Mach
numbers from about 0.26 to 0.94. Rampressure ratio is defined as
the ratio of the conpressor-inlet total pressure to the free-stream
static pressure
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Wth one configuration, gasoline (AN-F-28, grad8 100/130) was
used as well as kerosenme. All other configurations were run with -
ker osene
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Ext ensi ve instrumentation Was installed on the engine for
measuring temperatures and pressures of the air and the gases at
several stations (fig. 3). The fuel pressures presented were
measured by gages vented to the tunnel pressure. During starting
and accelerations, the engine control panel WAs phot ographed on
motion-picture filmto obtain a continuous record of pressures
tenperatures, engine speed, and tine. A vibration meter was used
to indicate engine vibration. Three vibration pickups transmtted
axial, transverse, and vertical vibration at the right trunnion
support and a fourth pickup transmitted vertical vibration at the
front support.

ENG NE CORFIGURATIONS

Sevent een configurations of three |-40 emgines, varying in .
fuel system electrical system and combustion chamber, were inves-
tigeted. The various conbi nati ons of engine accessories for each L
configuration are summarized in table I. v

Fuel - System Conponents

The various fuel systens (figs. 4 to 9) differed in nozzles,
regul ators, and auxiliary starting systems.

Nozzl es. - The Monarch nozzle (fig. 10(a)) is a single-flow
spray nozzle. The two sets of tips that were used on this nozzle
have a rated capacity of 30 and 40 gallons per hour and 60° and
80° spray angles, respectively, at a pressure drop of 100 pounds
per square inch. The 40-gallon nozzles were £itted with i ndi vi dual
metering plugs to equalize the flow.

Dupl ex nozzles, set 1 flared, were used (fig. 10(b)). This
type of nozzle was devel oped to provide-a satisfactory spray pat-
tern over a wide range of fuel flow. The orifices of these nozzles
have | arge flares and two sets of internal ports. A spring-loaded
fl ow divider |ocated upstream of the fuel manifolds allowed flow to -
only the snmall ports at |ow fuel flows and to both large and Snal |
ports at high fuel flows. At a pressure drop of 100 pounds per
square inch, the capacity of the nozzles operating on enly smal | r
ports is rated at 9 gallons per hour and operating on both sets of
ports, at 45 gallons per hour
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Regul ators. =~ The fuel regulators used in these configura-
tions - the standard |-40 "barcmetric,"™ the Syracuse nodification,
the Edwards regul ator, and the Woodwerd governor - are described in
detail in the appendix.

Auxiliary starting systens. = An accunul ator and en electri-
cally driven fuel punp were tried to inprove the fuel spray during
starting, inesmuch as the main and starting fuel pumps provi ded
insufficient fuel pressure at starting speeds.

The accurmul ator is a chember divided into two parts by a
flexible diaphragm One part is filled with high-pressure air and
the other is connected to the fuel systemacross the throttle, as
shown in figures 4, 5, and 8. The accunulator is £illed with high-
pressure fuel by the starting fuel punp, the throttle is then
Opened, and the fuel lines fill. Next the accunulator is opened
and fuel is forced at high pressureto the nozzles for a few seconds,
whi ch should be long enough to light the burners.

An electrically driven main fuel punp from en |-16 engine was
al so used to supply high-pressure fuel for starting (figs. 6, 7,
and 9). This pump has an advantage over the accumulator in that it
can serve as en emergency fuel supply in the event O fallure O
the main fuel pump.

Fuel Systems

In the standard, or production, fuel system of configurations 1
to 7 (fig. 4) fuel is supplied to Monarch 40-gallion nozzles froma
common fuel manifold at pressures ranging from 10 to 180 pounds per
square inch, depending on engine speed and altitude. The main fuel
punp i S a positive-displacement pump driven by t he engine. The
Starting fuel pump is driven by the starter gear and provides addi-
tional fuel during the starting pericd O the engine. Fuel flow is
regul ated by three controls: a barometrie, a governor, and a man-
ual control. Thebaronetric asnd the governmor bypass the fuel from
the hi gh-pressure |ine between the fuel pump and the nozzl es back
to the pump inlet. The barometric maintains a constant engi ne
speed for a given throttle setting regardless O changes in alti-
tude and alrspeed. The governor linmits the maximm engine speed
to 11,500 rpm. The mammel control consists of a poppet-type shut-
off wvalwe, which is closed to stop the engine, and a sliding-
cylinder throttling valwve, which is set by the pilot for the
desired speed. An accurulator was used with configurations 6 and
7 to provide high-pressure sterting spray.
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The standard fuel systemwas altered slightly in configura-
tion 8. The Monarch 40-gallon nozzle tips were replaced by
30-gallon tips, and the metering plugs were renoved fromthe nozzle
body. The starting fuel punp was onmtted and the accunul ator and
a metering valve were added, as shown in figure 5.

Configuration 9 incorporated dupl ex fuel nozzles, a flow
di vider, and a Syracuse control system (fig. 6). The barometric of
the Syracuse control system is a standard I-40 barometric slightly
modi fied for use with duplex nozzles and aflow dlvider. The
Syracuse governor includes a specially hardened pilot val ve and
liner, and the valve is designed with a shorter length to reduce
frictional hysteresis. A single-lever control valve incorporates
stopcock and throttle through a single control |inkage. The
throttle ports are designed to give a generally linear relation of
thrust to throttle position. An auxiliary electrically driven fue
punp was used for starting. No engine-driven Starting pump was
i ncl uded.

The fuel systens of configurations 10 and 11 consisted of an
Edwards regul ator with a Sundstrand pump, a fl ow divider, and
dupl ex fuel nozzles (fig. 7). Coniiguration 11 also i ncor por ated
the electrically driven auxiliary fuel pump, and orifices were
ingerted in the variable-control oil |ine and snall-port line.

The Edwards control systemdiffers basically fromthe standard
fuel systemin that it contains a variabl e-speed governor instead
of an overspeed governor. Several functions are conbined into one
oi | pressure, which operates the Sundstrand pump relay. A single-
l ever control operates the stopcock and the regul at or manual con-
trol. This manual control regulates variable-control oil pressure
as a function of throttle position. The governor controls the
engine speed between a given |ower limit and meximuwm speed. This
lower limt was 9000 rpmin configurationl0 and was changed to
6500 rpm in configuration 11.

A Woodward governor was used with Mnarch 30-gallon fuel
nozzles and an accumulator in configuration 12 (fig. 8) and with
dupl ex nozzles and the electrically driven auxilisry fuel punp in
configurations 13 to 17 (fig. 9). The Woodwerd governor is a
speed-sensitive fuel control designed to meintain constant engine
speed regardless of flight conditions. The governor consists of
the main fuel pump, the main governor, the overspeed governor, the
differential relief valve for bypassing excess fuel, and the speed-~
adj ustment and manual -control valve. The nanual -control valve is
operated through the first 30° of throttle travel; through the
next 60°, any governor speed setting can be selected. The rate of
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accel eration is set by the governor regardless of the rapidity of
throttle novenent and can be vari ed by changing t he anobunt of | eak-
age through a dashpot by adjusting various-sized pins (fig. [I). A
vari abl e orifice connects the two faces of the dashpot piston and
accel erates the rate of speed adjustment in the high-speed ranges.
Wth this governor the throttle can be noved to the desired posi-
tion and the engine speed will be asutomaticelly adj usted.

Electrical Systens

Starters. - The standard 1-40 starter used in configurations 1
to 8, 10, and 12 is a four-pole, conmpensated, comutating-type
notor rated at 17 volts, 300 anperes, and 8000 rpm

The combination starter-generator used in configurations 9,
11, and 13 to 17 was designed to give three long starts in succes-
sion at sea level without overheating. It also has a hi gher free-
running speed than the standard starter and continues to supply
torque up to about 3000 rpm The cranking speed is the same as for
the standard starter (about 1000 rpm).

Types of ignition. - The standard |-40 ignition system used
in configurations 1 and 5 includes a 24-volt, direct-current igni-
tion boostcoil. The primary ard secondary coils are wound on a
soft-iron core, and a vibrating contact operates by and in the
primary circuit. The booster-coil installation is unshi el ded;
5-millimeter unshiel ded ignition cables 24 inches |ong connect the
coils to the spark plugs

The 400-cycle ignitior transforner used in configuration 2
hes a primary-voltage rating of 26 volts, a secondary-voltage
rating of not | ess than 8000 volts when the circuit is open, and
4500 volts at 4 nillianperes. The transformer 1s providedw tha
magnetic shunt so adjusted that the short-circuit secondary cur-
rent is from 7 to 10 nmillianperes. Unshiel ded 5-millimeter
secondary | eads 54 inches |ong were used.

The "buzz box" used in configuration 3 consists of a vibrator
and a 5000-ohm nmagneto coil. The nagneto coil has 8 copper-wound
5000-ohm secondary wi nding end a 3/16-inch magnetic iron yoke,
which results in a secondary inductance of 18 henries at 1000 cycl es.
The supply voltage is 24 volts direct current and the output open-
circuit peak voltage is 19,000 volts. The spark plugs were con-
nected by 5-mililimeter secondary leads in 7-nmillineter shiel ded
conduit 24 inches long
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The experimentsl dual magneto used in configurations 4 and7
is a four-spark nmagneto of the inductor type driven at 0.6685 engine
speed. The magneto was nounted on the generator pad; the spark
pl ugs were connected by 7-millimeter aircraft ignition leads in a

shi el ded conduit 4% feet long

An experi nmental 60-cycle, 12,000-volt ignition trensformer
was used in configurations 6, 8, 10, and 12 to 17 to furnish
12,000 volts to the spark plugs

Two shielded ignition boost coils, simlar to those
used in configurations 1 and 5, were used in configurations 9
and 11.

Spar k plugs. - Four adaptions, types Ato D (fig. 12), of
Chanpi on D8 spark plugs were made for the investigation. Sizes
of parts and positions of the holes were-varied as shown in
figure 12.

For configuration 6, one spark plug was installed in burner 3
and one in burner 10. For all other configurations, one spark
plug was installed in burner 2 and one in burner 9.

In configurations 6 end 7, the type B spark plugs in burn-
ers 3 and 2, respectively, were placed with the hole downstream
the spark plugs in burners 10 end 9 were placed with the hole
upstream.

Conbustion Chanbers

The standard type C conbustion chanmbers (fig. 13) were used
in configurations 1 to 8, 10, and 12. For configurations 9, 11,
and 13 to 17, type E conbustion chanbers (fig. 13) were used
The domes of type E conbustion chanbers differ fromthe conven-
tional type C donmes as follows:.

1. Auxiliary air louvers are provided near the periphery
instead of near the center of the dome to reduce deposition of
carbon.

2. The dome is either an integral wel ded assenbly or a
close slip fft with the liner instead of being bracketed to the
conmbustion chanber, thus providing a uniform annular air slot in
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the clearance between the two parts. This clearance is provided
by seven depressions on the liner.

A detailed description of these conbusti on chambers s
included in reference 4.

RESULTS AND DI SCUSSI ON
Operating Range

The effect of pressure altitude on the operating range of the
I-40 engine with various fuel-system configurations is shown in
figures 14 to 18

I nvestigations at pressure altitudes up to 50,000 feet and
ram pressure ratios equivalent to airspeeds from 0 to 650 miles
per hour indicated that the maximum engine speed was governed only
by the design limtation of 11,500 rpm (fig. 14). The minimm
stabl e and minimum i dling engine speeds Increased with altitude.
The minimum stabl e engine speed is defined as the minimm speed at
whi chburning occurs in all combustion chambers and from which
accel eration could be effected, although at a very low rate. The
m nimumidling engine speed is defined as the minimum speed at
whi ch one conbustion chanber bl ows out during a very slow decel era-
tion. One of the top conbustion chanmbers was always first to bl ow
out, which was apparently caused by the difference in static head
between the top end the bottom of the fuel menifold. ITn a few
instances, mini mumldling-speed data were taken before any burners
had bl own out ow ng to indications based on experience that the
engi ne was on the verge of conplete blowout. Attempts to accel-
erate fromthese mninumidling speeds frequently resulted in
conpl ete engine blowout; the area is figure 14 between the
minlmm-stable and the maximm-engine-speed curves is therefore
consi dered the safe operating renge. Caution is required at
altitude to accelerate even fromthese minimm stable engi ne speeds.

I nasmuch as a reasonably accurate value of the minimum idling
speed is nore readily determ ned than the value of mnimum stable
engi ne speed, the idling speed is the parameter chosen in observing
the effect of variatioms in (1) type of fuel regulator, (2) type of
burner nozzle, (3) type of fuel, and (4) free-streaminpact pres-
sure on operating range.

Al the fuel-control systens allowed a reduction in fuel-
mani fold pressure at all altitudes to a point where conbustion
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bl ow-out occurred. The minimmm idling speeds for configurations 9,
11, and 13 equipped with the Syracuse baronetric, the Edwards
regul ator, and the Woodward governor, respectively, are shown in
figure 15(a). |Inasmuch as the fuel pressure could be slowy
reduced to the minimum speed point with all three fuel regulators
and inasmuch-.as all three configurations included the sane set of
nozzles, the fuel regulator should have had no effect on the nin-
imumidling speed of the engine at each altitude. The data in
figure 15(a) show that the maxi numdifference in nininmmidling
speed was 1000 rpmat an altitude of 20,000 feet. The fuel flow
required to operate the engine at mnimumidling speed with each
of the fuel regulators is shown in figure 15(b).

The Monarch nozzles with 40-gellon .tips used in configura-
tions 1 to 7 gave the lowest idling speed at all altitudes of any
configuration investigated. (See figs. 15 to 17.) Only the
nozzles with 40-gallon tips had individual netering plugs, which
produced a relatively high fuel -manifold pressure at |ow fuel
flows and minimzed the effect of static head in the manifold.

The Monarch 30-gal |l on nozzl es gave a | ower mnimmidling
speed than the duplex nozzles (fig. 16), al though both nozzles
were investigated without individual metering plugs. Apparently
t he Monarch 30-gallon tips provide a better spray pattern at |ow
pressures than the small slots of the duplex nozzles.

The use of gasoline instead of kerosene in configuration 9
(fig. 17) lowered the mnimmidling speed 1200 rpm at 30,000 feet
and 1500 rpm at 40,000 feet, but gave no inprovenent at 10,000 or
20,000 feet. Gasoline has a higher volatility than kerosene,
whi ch apparently allows conmbustion to continue at a | ower nozzle
pressure drop and poorer spray pattern with gasoline than with
kerosene at high altitudes.

Increasing the free-stream inpact pressure, or airspeed, for
a given throttle position, resulted in higher minimmidling engine
speeds at all altitudes (fig. 18). A reduction in fuel flowto
| ower the engine speed so inpaired the spray characteristics of the
fuel nozzles that one of the conmbustion chanbers blew out. Also
shown in figure 18 are the characteristic fuel-manifold pressure,
throttle position, air flow, fuel flow, fuel-air ratio, and tail-
pi pe tenperature for each corresponding mninum idling speed.

Starting

The foll owi ng method was found nost satisfactory for starting
the 1-40 engine with the standard fuel system By means of a
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starter the engine speed was raised to epproximately 100C rpm
Wth the throttle one-half to three-fourths open, the ignition was
turned on and the stopcock was opened. \Wen the fuel -manifold
pressure reached approximately 70 pounds per square inch, the
burners ignited; the ignition was turned off and the throttle was
retarded until the tail-pipe tenperature had dropped to approxi-
mately 1500° F. The throttle was then gradually opened to main-
tai n constent tail-pipe tenperature during the acceleration. The
starter was used until the engine speed reached 3500 rpm This
techni que was enployed at static conditions and | ow pressure alti-
tude but was changed slightly in order to obtain successful starts
at high altitudes and airspeeds. Changes in engine configuration
also required slight variations

When the engine was started at pressure altitudes above

10, 000 feet with some configurations, fuel pressures hi gh enough
to give a good starting s-pray were sonetimes unobtainable. Con-
figurations 6 to 9 and 1Y to 17 included auxiliary fuel systens
that were used to nonmentarily boost fuel pressure for starting.
Various spark plugs, ignition coils, fuel controls, and nozzles .
(table 1) were also used in an effort to improve the starting
characteristics of the engine. The results are shown in table ||

Configurations 1 to 4 were investigated in en effort to find
a satisfactory type of ignition. Mst of the starts with these
configurations were made at a free-stream impact pressure of
25 pounds per square foot, fuel-manifold pressures fram 70 to
90 pounds per square inch, and nmaxi numtail -pi pe tenperatures
from1750° to 2000° F. (See table I1.) No successful starts were
made above a sinmulated altitude of 20,000 feet with any of the four
sKstens: ~A start was nmade at 20,000 feet with configuration 1
The ignition boost coils used in the standard configuration were
burned out during an attempt to start at 38,000 feet. Wth the
400-cycle transformer (configuration 2), the engine could not be
started at altitudes above 10,000 feet. |Inconclusive data were
obtai ned for configurations 3 and 4 because the inner cross-
ignition tubes fell into the combustion chesmbers.

Effects of accumul ator injection and free-streaminpact pres-
sure were observed with configuration 6, which incorporated the
80-cycle, 12,000-volt transformer. During these investigationms,
the accunul ator was opened when the fuel -manifold pressure reached
20 pounds per square inch and the free-streaminpact pressure was
nmei ntai ned at either 40 or 80 pounds per square foot. Only et an
altitude of 30,000 feet do the data conclusively show that the
accurmul ator appreciably aided starting. In order to be effective
the accurmul ator had to be charged fully and then discharged at a
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time when the nozzles would receive the full effect of the pressure
boost. Thi s requirement wes sonetinmes not fulfilled. When the
accumilator was used at an altitude of 30, 000 feet and a free-
stream impact pressure of 40 pounds per square foot, usually only
three or four burners it until the accumalator was di scharged
three orfour tlmes; then more burners |it ané the engine started

t o accelerateslowly. As the acceleration proceeded, the tail-pipe
t enperat ure became excessive (over 2000° F) and at an engi ne speed
of about 3500 rpm mo further accel eration was possible. The free-
stream impact pressure seemed to bhave little effect on the starting
charecteristics.
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Results with configuration 7 are also inconclusive 8s to the
effectof the accumletor and of changes in impact pressure. These
sterts were made with the D4 dual magneto, however, whereas the
starts with configuration 6 were made with the transformer. Wth
t he magneto, the ignition time was sometimes slightly shortened,
but the engine was not successfully ignited at an altitude of
30,000 feet. One start was made at 20,000 feet with 8 combination
of the transformer and t he magneto, and t he accumlator (confi gura-
tions 6 and 7). No improvement over the starts with 8single igni-
tion system was not ed.

Configuration 8 wes the standard barometric used with Monarch
30-gallon nozzl es and 8 metering val ve; the barometric wae used
Wi t hout an engine-driven starting fuel punp for the first tine.
Starting the engine was difficult at sea |level and inpossible at
altitude because the main fuel pump provided 8 very |ow fuel pres-
sure at starting speeds. (Nome of these starts are listed in
teble I1.) In order to get a satisfactory start, a bypass l|ine
was installed around the netering val ve and an accumul ator was
added to the system Starts were then nmde atan altitude of
10, 000 feet with orwithout the accunul ator, although ignition
was nore repid with the accunulator. Starts at20,000 feet were
possible only with the boost of the accummlator.

Starts with the Syracuse fuel system {configuration 9) were
tried with both gasoline and kerosene. The linited data indicate
that gasoline and kerosene ignited with equal ease, but a faster
accel eration at | ower teil-pipe tenperatures resulted with gaso-
line. Starts were made at altitudes of 10,000 and 20,000 feet
with kerosene and at 10,000, 20,000, and 25,000 feet with gasoline.
An attenpt to start the engine at an altitude of 30,000 feet with
gasoline was unsuccessful. The electrically driven fuel punp was
used in an effort to ignite the burners, but the few burners that
did ignite wereinsufficient to accel erate the engine.
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In the next investigati on8 change was made from the baro-
metric fuel control and Monarch nozzl es to the EBdwards regulator
and dupl ex nozzles (configuration 10). Cool er amd quicker starts
with little or no fleme in the teall pipe at the start were antic-
ipated with the duplex nozzles, because the small ports O the
dupl ex nozzl e were designed to give a good spray at the | ow fuel
flows encountered in starting. During a typlcal stert with thils
system at an altitude of 20,000 feet, however, 8 yellow flame
20 feet long was enmitted fromthe taill pipe at ignition. Thus
t he dupl ex nozzl es used with t he Edwards regulator apparently di d
not prevent long flanmes during altitude starts. Ho starting-fuel-
punp system was used and the length of time to ignite the burmers
ranged from about 25 to 30 Seconds at altitudes as high as
25,000 feet. Acceleration to an engine speed of 4000 rpm required
approximately 70 seconds 8t altitudes of 10,000 and 15, 000 feet,
whi ch was no i nprovenment over accelerations with the baronetric.

The Edwards regul ator was investigated for a second tinme in
configuration ||. Several changes were made in the regul ator.
Because of the use of type E domes, which incorporate spark-plug
| ocations suitable only for high-pressure starting spray, the
engi ne coul d be started only when the electricelly driven euxil-
iary fuel pump wes used. Ignitlion was accomplished in epproxi-
mately 30 seconds 8-t altitudes of 10,000 and 20,000 feet, and
accel erations to an engine Speed of 6000 rpm were nmade in an
average tine of 75 seconds at an altitude of 10,000 feet and
90 seconds at 20,000 feet. Tail-pipe tenperatures raged from
1500° to 2000° F.

Configuration 12 used the Woodward governor w th Monarch
30-gallon nozzles. The engi ne was started with the throtile full
open. 'After ignition it was retarded to about one-fourth throttle.
The fuel-pump di scharge pressure with throttle closed was between
50 and 60 pounds per square inch at altitudes up to 20,000 feet.
The fuel-pump discharge pressure at ignition was 20 pounds per
square i nch at an altitude of 5000 feet andl0 pounds per sgquare
inch at 10,000 and 20,000 feet. No starts were attempted above
20, 000 feet because of excessive tail-pipe tenperatures during
acceleration immediately after ignition.

Five configurations (13 to 17) of the engine equipped with
t he Woodward governor, duplex nozzles, and the 60-cycle, 12,000-volt
ignition transformer were investigated. Changes were nmade in the
governor in order to vary the rate of acceleration. These changes
had no material effect on the starting characteristics of the
engine; therefore starts were made only with configurations 13 and
14. Configuration 13 had the type A sperk plug and configuration 14
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was equipped with the type D spark plug, which was designed to suit
the wi de spray angle of the duplex nozzle. The unit was ignited at
altitudes of 10,000 and 20,000 feet andaccel erated to an engine
speed of 4000 rpm in approxi mately 80 seconds at 8 maxi mumtail -

pi pe temperature of 1750° F. The only successful start at an alti-
tude of 30,000 feet during the entire investigation was made with
configuration 14 without the electrically driven fuel punp. The
burners ignited im 29 seconds and acceleration to an engi ne speed
of 6000 rpm was accomplished in 2 nminutes. The tail-pipe tenpera-
ture, however, exceeded 2000° F.

Windmilling Starting

A study of the variation of engine windmilling Speed, fuel-
punp discharge pressure, and air flow with true airspeed and alti-
tude is important to the design O satisfactory fuel and ignition
systems for starting t he I-40 engi ne at altitude. The engi ne wind-
mlling speed for all configurations was independent of altitude
and increased alnost linearly with true airspeed, as shown in
figure 19. This eguivalent true airspeed is based on 8 100-percent
free-streamtotal - pressure recoveryatthe compressorinl et

Wth configuretions 1 to 7,fueLpunu)discharPe Fressure
(fig. 20)decreased as altitude increased because T UEl was bypassed
by the barometric fuel control. Fuel pressure increased with true
airspeed as 8 result of increased windmilling speed and the
increased ram pressure acting on the barometric, which was vented
to the plenumchamber. At 8 true airspeed of 400 niles per hour,
the fuel pressure was 60 pounds per square inch gage at an alti-
tude of 40,000 feet and 350 pounds per square inch gage at
10,000 feet.

As indicated in figure 21 for 8 given corrected engi ne speed
N/~/8, the corrected air flow W,¥8/6 isgreater when the engine

is windmlling than when it is operating. These date, which were
obt ai ned et several altitudes, were generalized to NACA standard
conditions at se8 |evel by means of the correction factor8 @ and
8 for the purpose of comparison. The factor 6 is defined as the
ratio of conpressor-inlet total tenperature at altitude to NACA

standard tenperature at se8 level. The factor & is defined as
the ratio of total pressure at altitude to NACA standard pressure
at se8 level. These correction factors were found to give good

results. (See reference 1.)

Wth the engi ne windmilling, attenpts to start without the
starter were nmade at altitudes of 10,000, 20,000, and 30,000 f eet
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and ram pressure ratios of *<X to 1.7, true airspeeds from 266 to
676 nmiles per hour. (See table Ill.) The fuel could not be
ignited 8t any of these flight conditions. The engine was equi pped
with the standard barometric and Monarch 40-gellon nozzl es (con-
figuration 5). Several factors probebly contributed to these
unsuccessful attempts to start. The high air flow created a low
fuel -air ratio and tended to blow the fuel away fromthe spark
plug. The low fuel pressure causes 8 poor spray pattern. This
spray pattern could be inproved by using 8 high-pressure, electri-
celly driven fuel PP or py bypassing the baronetric during the
starting cycle.

Accel eration

The accel eration characteristics of the engine with various
fuel systens were investigated to deternine which system woul d give
the fastest acceleration without conbustion bl ow out or excessive
tail - pi pe temperature. The effect of altitude and teil-pipe tem
perature on acceleration was also observed. The free-stream inpact
pressure was constant at 40 pounds per square foot.

An effort was made to maintain 8 constant tail-pipe tempera-
ture during nost of the accelerations, but comstant temperatures
were difficult to maintain with all the fuel systems. Although the
tenperature was relatively constant, one-fourth to one-half of the
accel eration was finished before the desired tenperature was
reached. Quicker attaimment O the desired tail-pipe temperature
required 8 nore rapid movement of the throttle and woul d have
resulted I n cambustion bl ow-out. Many accel erations, particularly
from|ow initiel engi ne speeds and at high altitudes, ended in
bl ow-out in the first part of the accel eration. \When t he Woodward
governor was used (configurations 12 to 17), manual operation of
the throttle gave only 8 limted control over the tail-pipe tem
perature and consequently over the acceleration rate. A preset
automati c-accel eration device provi ded most of the control in the
Woodward governor.

The accel eration date, which were recorded at various elti-
tudes, were plotted using tail-pipe temperature 8s the basic
parameter. The intersection of constent-temperature |ines and the
curves of comstent initlsl engi ne speed were determined. Values
t &en from the points of intersection were then plotted with ini-
tial engine speed as the basic parameter.

Accel erations were made with the baronetric and the 40-gellon
nozzl es (configurations 1 to 7) at altitudes up to 40,000 feet.
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Figure 22(a)shows the effect of initial engine speed and altitude
on the tine to reach an engine speed of 11,000 rpmwi th an average
tail-pipe tenperature of 1100° F. At an altitude of 20,000 feet
and an initial engi ne speed of 6000 rpm an accel erati on was mde
in 12 seconds. The tine to accelerate increases with increasing
altitude inasmuch 8s the mass flow of air available for reaction on
the turbine decreases and the inertia of the engine rotor is constant.

The effect of tail-pipe tenperature on the rate of accelera-
tion at an altitude of 30,000 feet is shown in figure 22(b). Sim-
lar results-were found at other altitudes. The tail-pipe tenpera-
tures presented are the averages of the Val ues obtained by
phot ographi ng the instrument panel once every second during the
accel erati on. I ncreasi ng the average tail-pi pe temperature and
hence the energy and the velocity of the gases decreased the accel-
eration time. The effect of altitude and tail-pipe tenperature was
denonstrated throughout the investigation regardl ess of the type of
nozzle or fuel control. (See figs. 22 to 27.)

A conparison of representative accel erations of two configura-
tions with the Edwards regul ator (configurations 10 and 11) is
shown in figure 24. The conparison is nade at altitudes of 10,000,
20,000, and 30,000 feet. For configuration 11, several changes
were made to the fuel systemused in configuration 10. An orifice
wasinserted in the variable-control oil line and 8 0.099-inch
orifice was inserted in the small-port line to limt the rate of
change of fuel pressure, and the regulator altitude conpensator
was vented to conpressor-discharge pressure. These changes were
expected to inprove fuel pressure 8-t low flows, prevent decelera-
tion blow out, and prevent flooding during accel erations, but they
had little or no effect on the acceleration time of the engine
(fig. 24).

A conpari son of accelerations made with t he Woodward gover nor
at an altitude of 10,000 feet and a maximum tail-pipe tenperature
of 1500° F is shown in figure 26. In these investigations two
accel eration pins were used at various settings and two types of
nozzl e, Monarch 30-gallon and duplex. Im configuration 17, the
orifice inthe small-port line (fig. 10) was renoved. Configura-
tion 12 with the Monarch 30-gallon nozzles and the accel eration
pin fully in accelerated the most rapidly. However, 8 very rapid
movenment of the throttle with configurations 12 to 14 at altitudes
of 30,000 and 40,000 feet results in burner bl ow out, whereas in
configurations 15 to 17, the acceleration rate pernitted by the
governor was so decreased that no burner blow out was obtained
under any acceleration conditions



NACA RM No. E8GOz24 17

The engi ne equi pped with the Syracuse control system accel -
erated slightly faster with gasoline than with kerosene at every
altitude except 10,0C0 feet (fig. 27(a)). This faster accelera-
tion is perhaps due to the fact that the gasoline vaporizes and
burns faster than kerosene and therefore a | arger percentage is
burned ehead of the turbine during these engine operations. At an
altitude of 20,000 feet, the engine accelerated faster with gaso-
line than with kerosene at all average tail-pipe tenperatures
(fig. 27(b)). However, the maximum rate of acceleration 8s |im
ited by blow-out was | ower with gasoline than with kerosene.

" The tine to accelerate from 6000 to 11,000 rpm at an altltude
of 20,000 feet end an average tail-plpe tem@erature of 1100° F for
several fuel-system configurations is tsbulated in table |V. The
meximum vari ati on i n acceleration ti ne among t he configurations
was 4 seconds. At other altitudes and average tail-pipe tenpera-
tures there is some variation fromthe conparison shown, but the
same general distribution is denonstrated. Acceleratiom tins is
mainly a function of altitude and average tail-pipe tenperature,
as indicated in table |V and figures 22 to 27.

The best fuel control for acceleration is one that can be
adjusted to prevent acceleration blowout and to sutomatically
maintain the tail-pipe tenperature just below the limt. Safe
engi ne-speed changes would result in the mninum amount of tine at
each altitude. O the fuel controls investigated, the Woodward
governor, correctly adjusted, could best prevent acceleration blow
out. Once adjusted, however, the Woodward governor had the sane
acceleration rate at all altitudes; if Set at se8 level the rate of
accel eration would therefore be too rapid at altitude and woul d
probably cause bl ow out.

Decel eration

Qui ck deceleration of the engine in £light with sone fuel-
control systenms will result in conbustion blowout. The results in
table V were obtained without encountering bl owout. The nost
rapi d decel erati ons were nade with the baronetric, although decel -
erations with the Woodward governor were satisfactory. The Edwards
regulator was unsultable for decelerations because the fusi-pump
out put decreased sharply when the throttle was retarded and com
bustion blowout resulted. The Edwards regulator was revised in
an attenpt to prevent conbustion bl owout on accelerations and
decelerations. An orifice was installed in the variabl e-control
oil linetolimt the rate of change of variable-control oil pres-
sure and therefore of main fuel pressure, but the inprovement was
very slight.
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Speed Regulation with Changes in Altitude

Sinul ated clinbs and dives were made between altitudes of
10,000 and 40,000 feet. Because the "hysteresis" effect was very
smal |, clinmbs and dives produced simlar results; only the clinbs
therefore, will be discussed (fig. 28). The clinbs were nmade at
an average rate of approximately 3500 feet per minute. Throughout
the clinb the engine-throttle position renmined constant and the
free-streaminpact pressure was held at 8 value of approximately
40 pounds per square foot. ¥No attempt wes nade to maintain stand-
ard atmospheric temperatures.

One function of the fuel control is to maintain constant
engine speed at constant throttle position during changes in alti-
tude. Thebarometric consists of 8 pressure-sensitive bellows or
di aphragm that indirectly operatesa fuel-regulating valve. As the
altitude pressure changes, the fuel-manifold pressure i s adjusted
by the baronetric to keep a constant speed. The barometric contro
and Syracuse modification investigated adjusted the nmanifold pres-
sure i nsufficiently, however, and the engine speed advanced as nuch
as 5000 rpmduring clinmbs fromaltitudes of 10,000 to 40,000 feet
(fig. 28). The Woodward governor and Edwards regul ator are speed-
sensitive controls; that is, regardless of operating conditions the
control maintains 8 constant engine speed at 8 given throttle posi-
tion. The fuel-pressure regulation is dependent on 8 variable-
speed flyball governor. These two controls naintained very nearly
constant speed during the clinb by decreasing the fuel-manifold
pressure, because less fuel is needed to maintain 8 given engine
speed 8s the altitude increases

Cooling

The I-40 bearing-cooling system was satisfactory at all engine
condi tions; the highest turbine-rear-bearing tenperature of 235° F
at an engi ne speed of 11,500 rpm (fig. 29) is well bel ow the man-
ufacturer’'s limt of 300° F. At this engine speed, the airspeed
has no effect on the bearing temperature at airspeeds above
250 miles per hour. The temperature increases Wth decreasing
airspeed from 250 niles per hour to static conditions. The effect
of altitude (fig. 29) on the bearing temperature i s negligible.

The cooling-air flowgiven in figure 30 is the sumof the air
| eaki ng past the engine baffle in the airplane and the air punped
past the bearing by the turbine-cooling-air fan. This tota
cooling-air flow cools the exhaust cone and tail pipe before dis-
charging at the annulus between the tail pipe and fuselage.
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Engine Vi bration

The vibration of the 1-40 engineat its points of support was
measured during the investigation. The anplitudes of these wibra-
tions for various pressure altitudes, ram pressure ratios, and

engi ne speeds are given in table VI. The data show that altitude
and ram pressure ratio had no apparent effect om the vibration and
that the variation with engine speed is small. The maximm wvibra-

tion of 0.0013 inch encountered in these investigations is small
and well within the menufacturer's limit of 0.003 inch.

Engine Reliability

The three I-40 jet-propulsion engines gave satisfactory normal
operation throughout the investigation without failure of mgjor
components such 8s conpressor, turbine, or bearings. The total
operating tine f each engine and the elapsed time bet ween over-
haul s are given in the follow ng table:

Engine [Operating tine | Total oper-
before overhaul | ating time
(hr) (br)
1 29. 3 90.7
17.3
44.1
2 33.9 63. 7
22.6
9.2
3 31.9 31.9

Replacenment of cross-ignition tubes, combustion-chamber |iners,
exhaust cone, and spark plugs was sonetinmes necessary between
overhauls.

Most of the damage to the exhaust cone occurred during starts
at altitude. Several exhaust cones cracked and winkled owing to
excessive tail-pi pe temperatures during starts. On one recovery
from bl owout the kerosene in the tail pipe ignited with explosive
force and pushed the inner cone against the turbine wheel. Examina-
tion of the engine disclosed that the turbine was scored and the

i nner-cone retainer ring was torn off and w apped around the inner-
cone supports (fig. 31).
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Fires occurred in the tail pipe and the rear section of the
fusel age during high-altitude starts. After an unsuccessfu
attenpt to start, fuel |eaked through the joint between the exhaust
cone and the tail pipe and settled in the bottom of the nacelle and
in the bottomof the tail-pipe insulation. Wen the engine started,
the fuel in the insulation and the nacelle also ignited. The
resulting fire blistered the paint on the fuselage, burned the
tail-pipe insulation, and warped the tail pipe (fig. 32)

In order to prevent tail-pipe fires after unsuccessful starts
at altitude, a redesigned joint was installed and drain holes were
drilled in the alum num sheet of the tail-pipe insulation and in
the bottom of the nacelle below the tail pipe

SUWVARY OF RESULTS

The followi ng results were obtained froman investigation of
t he operational characteristics of the 1-40 jet-propul sion engine
in the Cleveland altitude wind tunnel

1. Wth all the fuel controls investigated, maximm engine
speed and the lower blowout limt could both be reached. The
minimm engine idling speed increased with inpact pressure, or air-
speed, and pressure altitude. The |owest mininmum stable engine
speeds were obtained with the standard configuration using 40-gallon
fuel nozzles and individual metering plugs. Slightly |ower mnimm
idling speeds were obtained with gasoline than with kerosene at
al titudes of 30,000 and 40,000 feet. The maxinum difference in mn-
i mum speed obtained with several fuel regulators was 1000 rpm

2. Satisfactory starts were nade at pressure altitudes 8s high
as20,000 feet with all O the fuel-system combinations except one.
Starting characteristics were sonetines improved by the use of an
accunul ator or electrically driven pump. : The auxiliary fuel system
usual ly had to be used to ignite the engine at an altitude of
30,000 feet, and, although successful ignition occurred, accelera-
tion was slow and usually characterized by excessive tail-pipe
tenperature. The tine for ignition was approximtely the same with
gasoline or kerosene. Starting acceleration to 6000 rpm was
noticeably shorter with gasoline than with kerosene. During the
wi ndm | I'ing investigations of the engine equipped with the standard
fuel system ignition was inpossible at ram pressure ratios of 1.1
to 1.7 at altitudes of 10,000, 20,000, and 30,000 feet.

3. The engine equi pped with the production barometric and
Monar ch 40-gal |l on nozzles accelerated in 12 seconds from 6000 to
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11,000 rpm 8t 20,000 feet and an average teail-plpe temperature O
1100° F. At the same altitudes and average tail-pipe tenperature,
all the engi ne configurations had approximately the sane rate of
accel eration. The Woodward governor produced the safest accelera-
tions inasmuch 8s it could be adjusted to automatically prevent
accel eration bl ow out.

4. At constant throttle position the engine speed was held
constant by the Woodward governor end Edwards regul ator during
simileted dives and clinbs. The barometric, however, compensated
for altitude insufficiently to keep the engine speed constant.

5. The bearing-cool - system wes satisfactory at all altitudes
and airspeeds.

6. The maximum vibration of 0.0013 inch encountered was snall
and well within the manufacturer's [imt of 0.003 inch.

7. The three engines used during this investigation operated
wi thout serious failure, but danage did occur to the exhaust cone,
the tail pipe, and the airplane fuselage during high-altitude
starts.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautics,
Cl evel and, Ohio.
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APPENDIX - FUEL REGULATORS

This section presents a description of the standard, Edwards
and Woodward fuel regul ators,

Standard

Governor. = The governor is 8 bypass valve controlled by fly-
bal | weights that act to prevent rotor overgpeed in excess of
11,500 rpm As this speed is reached, centrifugal force causes a
wei ght -and-spring assembly to fly outward and contract vertically.
In contracting the spring contacts a spring-loaded spindle, by
whi ch the governor valve is opened and fuel is bypassed from. the
hi gh-pressure line between the fuel punmp and the nozzles. The
governor is nounted on the accessory-gear casing and is geared to
the turbine shaft

Barometric. - The barometric (fig. 33) is 8 pressure-regul ating
valve that sutomatically provides t he throttle with sufficient fuel
to maintain constant speed 8s the altitude changes. The bul k of the
bypassed fuel enters through inlet A passes into the control
val ve B through the | ower ports, and proceeds upward through the
val ve and out restricting ports to the fuel outlet ¢. A snall
anount of the high-pressure fuel goes past the control valve and
through 8 filter Dto the pilot valve B, where it is available to
actuate the control piston F

When the airplane ascends, the decreasing anbient pressure in
the | ower bellows G (which is opposed by an evacuated bel |l ows H)
| owers the force exerted on theunder side of the |ower-bellows top
plate | and thus reduces the pull opposing the tension spring J;
the tension spring therefore pulls the comnecting stem K downward
and lifts the pilot valve E through the bellows |evel L. The fuel
t hat has been trapped under pregsure above the control piston ¥
is allowed to escape into the casing M The casing is drained to
the fuel outlet C. The control-valve spring N forces the control
piston F upward and the piston level L is turned about its pivot 0
to restore the pilot valve E to its original position. The upward
movenent of the control piston F also changes the spring loading
on the control valve. As a result, the high pressure in the con-
trol valve acts against em are8 P, forcesthe valve up, end
enlarges the area restricting the bypass flow. The pressure of
t he main fuel-pump-discharge |line is reduced and | ess fuel flows
to the throttle. The reduced fuel requirements of the gas turbine
are therefore net without readjustment of the throttle. Wen the
ai rplane is descending, the baronetric functions similarly to
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increase fuel flow By use of two bellows, pressure variations

W t hi nt he casing are balanced against equsal areas and the pressure
variations thus have no effect upon the bypass setting of the con-
trol valve.

Edwards

Fuel pump. - Ihe Sundstrand pump (fig. 34) consists of s
variasble-displacement fuel punp 27 and a constant-displacement oi
punp 28. The fuel punp contains numerous cylinders and the output
flowis controlled by the angular position of the wobble plate,
whi ch adJusts the piston stroke. The wobble-plate position is
determned by the adjustable-control oil pressure delivered by the
fuel regulator 8. This pressure acts through 8 hydraulic relay 26
inthe pump to determne the pressure in the positioning piston and
thereby the wobble-plate position. A fixed ratio exists between
t he adjusteble-control oil pressure and the fuel pressure at the
nozzles; setting the adjustgble-control oil pressure is therefore
equi val ent to setting the fuel pressure. The oil pump furnishes
constsnt-pressure control oil to the hydraulic relay of the fue
punp and to the fuel regulator

Fuel regulator. - The center of the control systemis the fue
regulator 8 (fig. 34). This regulator is geared to the turbine
shaft and is connected to the wverisble-displacement fuel punp 27
by means Of hydraulic lines. A mamual input is providedto set the
regul ator at any required power output. Rotation of the menual
input operates control valve 23 through bell crank 15 and | ever 25
and adj usts the variabl e-speed governor through | ever 13. As bell
crank 15 noves to the left, control wvalve 23 noves to the left in
the cylinder and allows oil to flow fromthe constant-pressure-
control oil line into the varisble-pressure-control oil |ine, where
it can react on the hydraulic relay 26 of the Sundstrand punp 27
and thus increase the fuel flow by increasing the pump stroke.

This oil pressure also noves |ever 25 through power piston 24.
This action closes control valve 23. The trapped oil nuintains
the punp at 8 given stroke through the hydraulic relay.

If the turbine exceeds the speed set by the manual input, fly
wei ghts 10 in the overspeed governor cause 8 pilot valve 9 to open
Const ant -pressure control oil can then reach power piston 11,
whi ch noves bell crank 14 against bell crank 15, closes contro
val ve 23, and thus takes control from the nmanual input. Piston 11
al so noves lever 12, closing pilot valve 9, and thus naintains the
corrected position of bell cramk 15. For any given setting of the
overspeed governor, 8 maximum speed can be achieved by variation
of the manual input.
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Thermal units are sonetimes used to prevent excessive tenpera-
tures in the tail pipe. The thermal unit 7 acts 8s an oil-pressure
regulator by holding 8 definite pressure for each tenperature
throughout 8 range. Constant-control oil pressure is applied
through a flownetering device 1 to the thermal piston 3 and the
thermal unit. |If the nmanual input is Set to require 8 higher tem
perature than is considered safe for operation of the turbine, the
thermal unit allows the oil pressure in the thermal piston 3 to
reduce. This piston noves |lever 16 against bell crank 15 and takes
control away from the manual input; the turbine then operates at
the specified maxi num tenperature

The maximum fuel pressure required for sea-level operation is
geveral times t hat required at high altitude. |n orderto reduce
the sensitivity of the control at high altitudes and still provide
for maxi mum fuel pressure at se8 level, spring 22, which acts on
the fuel-pressure piston 24, nust be recalibrated. This recalibra-
tion must be 8 function of the altitude. In order to achieve the
variable gradient required for this recalibration, tw levers 19
and 21 are used to couple the spring to the fuel-pressure piston
Aroller 20 is placed to transmt force fromone |ever to the
other. Varietion in the position of this roller causes 8 variation
in the effective spring gradient on the fuel-pressure piston. This
roller 20 is connected by neans of a yoke 18 to the altitude-
conpensat or power piston 17, which positions the roller as afunc-
tion of altitude. A pair of bellows is provided to deternine the
altitude. Bellows 4 is evacuated and bellows 6 is open to atmos-
pheric or conpressor-di scharge pressure. Mtion of this bellows
cambination causesthe altitude-conpensator control valve 5 to
operate end vary the position of the altitude-conpensator power
piston 17. In order to maintain stable operation, the spring
gradi ent should decrease rapidly and increase slowy. This action
i s accomplished by nmeans of 8 flow netering device 2in the output
line fromthe altitude-conpensator control valve 5. A small axial
slot is cut in the input shaft to the fuel regulator. Ports are
so arranged that oil msy flow into one end of the slot and out the
ot her end at one particular point during each revolution of the
shaft. During the remainder of the revolution, the ports are
closed off and no oil is pernmitted to flow The flow is thus
l[imted 8 in an orifice, except that &l openings are considerably
larger than required in an equivalent orifice and the danger of
clogging is thereby greatly reduced. In addition, when the speed
of the rotating shaft is high enough, the inertia of the fluid
trapped in the slot becomes nore inportant than the viscous forces
and, as sresult, the drop across flow netering device 2 is inde-
pendent of fluid viscosity and is a function only of the flowrate
and the density of the fluid.
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Woodward. CGover nor

The Woodwexd governor (fig. 35) is nounted on the accessory
pad of the engi ne and is geared to the turbine shaft. The main
governor has five parts:

The fuel punp Vis of the gear type with 8 capacity of approxi-
metely 8500 pounds per hour.

The main governor consists of a sensitive £lyball head O,
whose novenent is opposed by 8 spring E. The balls operate a pllot
valve N sliding in 8 central bore in the pump drive gear. The
pilot valve, when the engine is on the desired speed, covers pilot-
valve ports R and prevents novenent of the fuel-flow control-valve
plunger S. The control-valve plunger is operated by a piston Q
that is part of the valve. ~-discharge pressure constantly acts
on the top area of the piston to produce 8 force to close the valve,
which is bal anced by trapped fuel acting on 8 larger area on the
bottom side of the piston. If the engine speed increases over the
speed setting, the pilot wvalve N raises and vents the | ower side
of the piston to pump-inlet pressure and allows them di scharge
pressure on top of the piston to nove the control valve plunger in
8 decrease-fuel direction. |If the engine speed decreases bel ow the
governor setting, the pilot wvalve Nnoves down to admit high-
pressure fuel to the under side of the piston and nove the control-
val ve plunger R upward to adnmitnore fuel to the engi ne. Stebility
during fuel-flaw corrections is obtained through an auxiliary
spring G which is actuated by the control -val ve plunger through
8 dashpot piston M The @ashpot piston Mslides in 8 cylinder in
the top of the control-valve plunger and follows t henobvenents of
the control-valve plunger, inasmuch as fuel is trapped between the
cylinder and the piston. This notion increases or decreases the
load on the f1lyballs through 8 | ever to which is connected the
auxiliary spring G This change in load on the flyballs produces
8 tenporary higher s-peed setting while the governor is acting to
decrease fuel flow and 8 tenporary |ower speed setting while the
governor is acting to increase fuel flow The dashpot piston is
nornally centered by spring B. The rate at which t he dashpot
returns to its normal onspeed-centered position is controlled by =
needl e valve F, which |linits the rate at which the trapped fue
may |leak in or out of the dashpot.

The differential relief walwe U controls the pressure drop
across the fuel-control valve T and also bypasses the pert of the
fuel being punped that is not required by the engine. Top side of
the relief valve Uis exposed to pump-discharge pressure and an
equal areas on the bottomside i s exposed t 0 governor-discharge
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pressure. Therefore, the pressure drop from the governor punp to
governor discharge depends upon the spring used in the differential
relief valve

Speed edjustment i S nade by varying the preload on spring H
Speed adjustment and the manual -control valve X are operated by
one linkage that requires only one throttle lever. Approximtely
the first 30° novement of the control shaft operates the manual
valve X, and through approxi mately the next 60° any governor speed
setting may be selected fromidle to maximum. The engi ne speed may
T2 reduced below the idle-speed Iimt set by the stop C only when
-the throttle is nmoved back into the nmanual range and fuel flow is
throttled nmanually by valve X The governor speed adjustnment is
| oaded to high speed by spring P. \Wen an increased speed adj ust-
ment is made, the control shaft moves a stop E, which allows
gear | to revolve under the action of spring P through the gear
and rack errangement. The throttle nay be noved to a hi gher speed
setting asfast as desired. The acceleration dashpot K linmits the
rate at which the speed is increased by restricting the novenent
of the gear train. Leakage fromthe dashpot, which determ nes the
rate of acceleration, is adjusted by the pin L. A variable
orifice J accelerates the rate of speed adjustment in the high
speed ranges.

A bypass valve Wis provided to bypass the governor punp and
control valve S when boost pressure is higher than governor-
di scharge pressure.

The overspeed governor A is built into the pump idler gear
and is factory-set at some speed slightly higher than the main-
governor top speed. It operates only for some sbnormal condition
where the speed nmight go higher than allowable. This governor
reduces the pressure acting on area U of the differential relief
val ve, which allows the valve to open and reduce the punp-di scharge
pressure.
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TABLE Y.~ EKGINE
g:n— ‘rypesto!‘ Fuel systom
ure- tes Nozzles Fuel Regulator | Auxiliary start-
tion regulator setting ing system
1 |Starting Monarch 40-gallon Standard I-40
Acceleration 80° spray angle barometric
2 |Starting ————————@0, do.
Acceleration
S |Starting do, do,
Starting ——ee———g30, ———=do,
§ |Windmilling do. do,
starting
6 |Starting -do, ————dQ, —— Accumulator
Acceleration
Minimum speed
7 |[Starting -do, ————do, —-do.
Acceleration
Minimum speed
8 |Starting Monarch 30-gallon ————Q0 , =———— do.
Acceleration | 60° spray angle
Minimum speed
Steady running
9 |Starting Duplex; small ports,|Syracuse con— 1-16 elec_tricl.l"]l.y
Acceleration |9 gal/hr; both trol system driven main fuel
Minimum speed |ports, 45 gal/hr pump
Steady running
10 |Starting do. Edwards Engine on
Acceleration governoxr
Ninimum speed above
Steady running 9000 rpm
11 |Starting do . do, Engine on [I=-16 electrically
Acceleration governor driven main fuel
Minimum speed above pump
6500 rpm
12 |Starting Monarch 30-gallon Woodward Pin 1 fully|Accumulator
Acoeleration |60° spray angle governor in
Minimum speed
Steady running
13 |Starting Duplex; small ports, |————do, Fin 1, 1/8 |I-16 electrically
Acceleration 9 gal/hr; both turn out driven main fuel
Minimum speed jports, 45 gal/hr pump
14 |Starting do. ————do, = Pin 1 fully do.
Acceleration in
15 |Acceleration -do . —=—=w-dQ,=====|Pin 1, 3 do.
Steady running turns out
16 |Acaeleration ~do . ——eadp ,—~——|Pin 2 fully do,
Steady rumning in
17 |[Acceleration —-do, ————dp , =———| w———do, do.

lgee rigure 12,

L
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CONFIGURATIONS
Electrical system cog':u.stion Engil(l:rt‘.ime
Starter Ignition system Spark plugs chambex Before| After
run run
Standard | Standard G.,E. 24~volt [ One each of type Al tn c 8.,58| 14,82
AF type C-1 colls burners 2 and 9
g0 .| G.E. 400—cyecle —do. ol 14.,82| 18,51
transformer
———do,==] G.E. "buzz box" —d0, ——do -] 20.92| 27,33
——d0,= G,BE, D=4 dual magneto do. o= 27.35| 27.55
———do,=~= Standard G.E. 24~-volt -do, —d == 23.,82| 23.82
AF type G-l colls
~—do,—-} 60~cycle 12,000-volt | One each of type Bl in |——=do.—| 0.26] 12.96
transformer burner 3 with hole down-—
stream and in burner 10
with hole upstream
—~d0,-—| G,E, D=4 dual magneto | One each of type Bl in |———do,-——| 0,26] 12.96
burmer 2 with hole down-
stream and in burner 9
with hole upstream
=0 , ===} 60~cycle 12,000-volt One each of type Al in —d  — 8.48| 12,88
transformer burners 2 and @
Starter— |2 Delco-Remy AF type | One each of type D! in E 4,13| 44.06
generator|C~1 coils burners 2 and 9
Standard | 60~cycle 12,000-volt One each of type Al 1n Cc 0,16 17.28
transformer burners 2 and 9
Starter— |2 Delco—Remy AF type | One each of type Cl in B 1.63} 18,02
generator|C-~l1l coils burners 2 and ¢
Standard }60-cycle 12,000-volt One each of type Al 1n [+] 2,68 8,48
transformer burners 2 and 9
Starter-— do . —do. E 20,63 | 25.93
generator '
——dp,~— do, one each of type Dl in |——dao.—| 25.93| 50,05
burners 2 and 9
——d ) o w— do, do. ——dQ === 30,05] 31,70
———d O o do. do, ~eealdp,=—=] 31,70] 32.91
el o === do,. do. wemaedo,===| 52, 911 34.15




TABLE TI.- ENG NE STARTIRG IXVESTIGATION

Tunnel eond! ops Eny| 1 co .tions Results
dtiltude| Free= | pee= "Mnd-| nitial | iaxil | ‘uel Time Time t¢| ingine| *uel Maxima | Mme |Time
Con~ (ft) {stream| tream | 11l-| hrottli| .ary wnifold |batwean] ignite | speed | 1anifold|t an- ‘rom |from
figu- impact| mpact | ng osition] el wrassure use of laftar it 1g| wess_ e| pipe itart|start
ratior pres— | emper- | peed| doeg) syste | rith aux—| startar] starter| 1itlor| & igni—| Ltemper| o to
sura | ture | rpa) Jdlary |and of Jon (rpa) | :iom ature | 1000 |6000
(1b/3q| °F) nal auxil- | (seq) "1b/sq (811) wa |rpm
£t stem, |lary in,) (see)| (sec)
1v/sq fusl
in.) system
(5ac)

1 10,000 25 10 0 ——e ¥o —_— 27 —— 75 2000 | =====|=nma
10,000 | &5 12 0 -~ | 20 1000 20 — | e[
10,000 70 -£20 tC - r—— 1000 —_— 1750 - - -
20,000 25 -9 250 ——— T 30 1400 25 1800 - -
30,000 | 10 | -58 ——— —— | —— 1100 7 e | ()
28,000 2 | =2 - - - -] 1200 | =z — - -

] 10,000 16 ~20 0 a0 Ho - —t— 19 1000 60 1800 41 50
10,000 25 =38 0 74 _— — 20 1100 a0 2000 ki
£5,000 25 -40 —_— —_— - —— —— —_— (2}
s0,000 | 28 | =— - - — - - —— | 1200 70 — (a) | ——--

b3 10,000 13 —~4 —_— - - Ko - —— | wm—| 1300 70 1750 | —==| - -
1%,000 25 -5 _— —— — 21 1000 83 1900 |A 122
20,000 23 -10 - — - - 10 70 ——— (0}
30,000 | 13 | -42 = - - — —— 70 = | (s} |- - -

by 10,000 | 28 18 0| -~ | W - — | er e 80 2000 |--- [120
10,000 | 25 17 100 -— — | 20 _— 80 w00 |- - 88
15,000 | 25 1 200 | - - —_ | 27 —— 80 2000 |--- |128
20,000 70 1 500 - — = = 50 _— 70 400 (8 |===—=

-] 10,000 40 19 200 70 To -— —— 21 70 1500 85 70
19,000 40 23 200 5 Yes 20 23.5 25 —— 75 1500 84 T4
16,000 40 23 250 20 Yes 20 19 21 —— 85 1680 | 63 | 70
10,000 | 80 30 300 €9 Yo - - 29 100 100 | 72 | 80
10,000 80 20 400 5 Yes 20 - 30 as 1400 78 83
20,000 40 2 [¥] 70 no T —- 16 110 2000 | 126 |134
20,000 40 ~5 (4] 20 Yeas 20 25 27 — 80 2200 a7 T4
£0,000 80 5 500 70 Ro — 14 —— 130 1750 94 |104
20,000 80 -6 500 50 Yes 20 17.6 20 - 110 2000 fm—
20,000 80 =5 800 0 ¥o e 18 —— 100 1800 i) - -
30,000 40 =54 200 40 Yas 20 22 27 — 120 1700 -
0,000 40 | -41 —_ 40 Yes o 24 22 110 2250 | /9 [—--—
30,000 40 -36 0 20 Yes 18 — 8a - —
30,000 40 | -32 No - e 80 i (a -

v8L

0¢
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7 10,000 | 40 a7 0 65 Fo -— | 17 —| 100 900 | 67 | 96
10,000 | 40 24 300 20 Yos 6 19 29 —— 20 1780 | 63 | 72
10,000 | 40 ] 0 40 Yeb a0 23 26 —| 1203 1m0 | 74 | ———t
10,000 | 80 24 500 69 ¥o —_f — 94 1200 | 72 | o7
10,000 | 80 20 250 50 Yos 20 7.5 | 19 weee | 110 1850 | 38.5{ 46
20,000 | 40 -7 300 50 Yes 80 15 18 —_— 80 2000 | 73 |-——
20,000 | @0 4 500 68 Yo —-— | 16 ~ | 110 1900 | 51 | 64
20,000 | 80 -7 400 50 Yas 20 15.6 | 23 — | 136 2p00 | 62 |—
30,000 | 40 | -as 200 40 Yos 40 3e {a) ~— | 140 —_ | ——]——

6and '| 20,000 | 40 | -28 260 40 Yes 40 21,5 | 35 1800 | 120 2000 | 129 |o——o

] 10,000 | 40 25 300 80 Yes 10 4 45,5 | —— 38 1650 | 80 |-———
20,000 =11 0 a0 Yes 10 23 26 — 27 1500 | &4 |——
10,000 18 0 75 Ko — | 4 — 12 |'1vs0 | M4 |—
25,000 =35 — = | Tas 5 —_— | ~———] 1100| - — (a |- i

? 10,000 | 40 26 0 0 Ro — — 1850 [ 69 [ 76
20,000 -30 —_— 53 ¥o v | 17,68 1300 60 2000 | 93% fLoo.,5¢

a) | 10000 28 | —=| — | % — | 1al7e| =~—=| so | 1500 | — s&f

a 20,000 ~40 300 4 Ho —_— | 30 -— 50 1500 | 7¢ | a3

q 25,000 ~44 200 42 o - | 28 —— 49 1600 | &8 |——

d) 30,000 =44 il - - Yes —_— (a) — ——— —_— ] - -

10 10,000 | 40 19 0 ¥o e | 30 1100 a5 1900 | 81 |—=——
25,000 | 40 | -23 450 —- | 26 1300 38 2000 | ~——|——
10,000 | 45 a4 0 — e 1800 20 — I 6§ fe—
16,000 | 40 9 0 —_ | 25 1800 30 1900 || 72 fo—
20,000 | 40 | -14 350 - — | 16¢ 1200 30 — || 115¢ } =

11 10,000 40 15 300 54 Yes 4 — £9,5 —— 1500 80 T3S |
20,000 ~20 ars 48 Yox 10 30 38 —_— 1900 || 91 [j108
10,000 25 0 a8 Ye6 -— | 36 —_— 2000 | 71 || &8
10,000 20 0 53 Ye 40 28 24 —_—] - 17680 || ——f| —
30,000 =37 00| — | M — | em=] 1600 50 — || (a) [|——
10,000 0 0 L} Yo —_—j a7 -—— 1000 | 60 [ 67.5
20,000 =15 200 48 Yes e | a7 —| - 1800 || 67 § 76
20,000 =20 376 | —-+ | Yes 40 -— | 26,56 | —| — 1000 | 84 § 90

12 5,000 40 45 o| Fall | W — | 12,66 — 10 ~—- [ 33% fj=———v
5,000 27 300 | Full Vo — || %2 —_— 1 1750 || 50 [|——
6,000 a7 300 | Fadl | Wo — ac — 1 1750 || 288 ff———
10,000 6 o Pl | Ne — || 30 _— 18 1700 || 54 [|—
20,000 =36 300 | Pall | W - — || 38 r—— 18 200 || e3 ||-~—-—
20,000 -39 300 | Pall | Yes — || 25 —_— - eooo || 125 || ——

13 10,000 | 40 26 0 ¥o — | 20 — 20 1750 || s [|—
20,000 =30 — 35 Yos 38 e | A | ] — 1850 || —=d] ~=merer

14 10,000 | 40 -— — | 126 | -—— 1550 || == 85,86
10,000 I b e 9 e 40 1550 || 6269 @7.80
10,000 20 — —_— | 26 — 13 imon || 76
20,000 =18 300 | wuwmm — | 2 —_ 50 1780 || o2
30,000 -24 400 —— | 29 — 80 2100 || ea l119

BStart unmoccessful; elther no 1gnition or sculd not be acoelerated after ignition.
bnata ineonclusivae} immer sross-ignition tubas foll into eombustion chambers,

Epfter stopeoek open.
dpuel, gasoline,
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TABLE || - CONDITIONS FOR ATTEMPTED WINDMILLING
STARTS W THOUT STARTER
(CONFIGURATION 5)
Simulated|Static-alr |Windmill-|Ram Alrspeed|Fuel - ~-
altitude [temperature|ing speed|pressure| (mph) fold pres-
(£t) (°F) (rpm) |ratio (a) sure
(a) (1b/sqill.)
10, 000 8 950 1.1 266 53
10, 000 1 1425 1.2 388 110
20,000 -10 1350 1.2 379 67
20, 000 =15 1800 1.3 465 77
20, 000 -31 2400 1.5 570 99
30, 000 -30 1300 1.2 368 62
30, 000 -39 1650 1.3 450 75
30, 000 -60 2375 1.5 560 92
30, 000 -54 3000 1.7 676 125

85tatic-air temperature and ai rspeed at the engine inlet were
calculated fromthe indicated temperature in the ram duct,

the total.
pressure in the tunnel

pressure at the conpressor inlet,
test section

and the static

A

£8G02d
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TABLE |1V - COWARI SON OF ACCELERATION TI ME FOR SEVERAL
CONFI GURATI ONS AND TWD FUELS
EWessure altitude, 20,000 ft; average tail-pipe
tenperature, 1100° F}
Configura- Fuel system Fuel Time
tion (sec)
(a)
1-7 Baronetric with Mnarch 40-gal Ker osene | 12
nozzl es
8 Baronetri c with Monarch 30-gal e o e B 9
nozzl es
9 Syracuse barometric with duplex Gasoline| 12
nozzl es
9 Syracuse baronetric with dupl ex Kerosene | 13
nozzles
11 Edwards regul ator with duplex nozzles | ---do.--] 10
12 Woodward governor with Mnarch 30-gal -do.--} 10
nozzl es

anime to accel erate from 6000 to 11,000 rpm

“‘ﬂﬁﬂ!”



NACA RM No. E8G0O2d

34
TABLE V - ENG NE DECELERATIONS
Config-| Fuel Altitude|l npact | Engi ne speed |Tine to|Tine to
uration| system (ft) |pres- (rpm) decel- |retard
sure Initial| Final|erate |throttle
(1b/sq (sec) to idling
t) posi tion
(sec)
8 St andard| 10, 000 40 11,500 |86000 16  f---------
bar o-
metric
Monar ch
30-gal
nozzl es
8 |-——do.-~| 20,000 11,500 |60c0 | 11 2
12 |Woodward| 10, 000 11, 000 | 3500 17 3
gover - .
nor,
Monar ch
30-gal
nozzl es
12 ---do.--| 20,000 11,500 |4800 43 3
12 |[---do.--| 20,000 11, 500 | 9000 42 3
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TABLE VI - ENG NE VIBRATION
Altitude| Ram [Engi ne| Ampli- |Ampli- |Ampli- [Ampli-
(£t) res-| speed |tude of ftude of fude of jude of
sure | (rpm) |vertical |vertical |hori- axi al
ratio vi bra- vi br a- zontal |(vibra-
tiom, tion, vi bra- tion,
front trunnionlti on, trunnior
support |[support [trunnion|support
(in.) |(in.) support | (in.)
(in.)
10,000 1.1 3,003 | 0.0002 0. 0002 0. 0002 0. 0002
7, 007 .0001 .0002 . 0001 .0001L
10, 000 .0004 0007 .0002 <0004
11,511 .0006 0011 0004 .0005
20, 000 1.4 4,000] 0.0001 0. 0001 0. 0001 0. 0001
7, 007 0001 .0002 0001 .0001
10, 009 .0003 .0005 .0002 .0005
11,511 0007 .0013 0004 .0008
30, 000 1.8 6,006 | 0.0001 0. 0001 0.0001 0. 0001
9,008 .0002 .0004 .0001 .0002
10, 510 .0004 .0008 . 0003 .0005
11,511 0007 0013 0004 «0003
40, 000 1.4 7,007 | 0.0001 0. 0001 0. 0001 0. 0001
10, 009 0002 - 0004 0001 .0003
11,511 0004 .0007 .0002 .0004

35
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Figure 2.
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~ Y ram pipe attached to nose of airplane fuselage.
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Tail-pipe-nozzle-outlet static pressure

Callbration ring, total pressure and temperature

Tall-pipe temperature

Tall—-pipe-nozzle-cutlet total and static pressure and temperature

survey
Engine cooling-air outlet total pressure

Figure 3. ~ Drawing of 1-40 Jet-propulsion englne ehowlng locatlion of instrumentation.
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Monarch 40-gal lon

~HAcA~

nozzles
Fuel-manifold-pressure gage-——
Configurations 6 and 7 only.] Manusl accumulator
il it Fuel
Starting fuel pump i o manifold
ey | i =
. 1
Fuel-pump discharge-pressure gage —| I_i_ |I Manual \
1
N Check L wdycontrol )
, Main fusl pump \® valves P[ =
i I | [ o
Fuel 0 |
source | M-
/ \_.prain valve
Booster :
fuel pump Solenoid
valves
Fuel filters
Barometric ==t

Govermowr

Figure 4. = Schematic diagram of standard fuel system Of [-40 jet-propulsion engine with
barometric and 4Q-gallon nozzles Iconfigurations tto 7).
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, 3001 830

High-pressure
filter

Fual
source

Main fuel pump

]

Booster
fuel pump

Filter

Baromatric—

Manual accumulator
Solenaid
valves

Check valve

T84

Monarch 30-gal 1on
nozzles

Fuel
manjifold

Bypass

Governor

1T Fuei-manifold-
— Fual-pump prespurs gags
discharge= Drain valve

pressure gage
Metaring valve

Stopcock and
throttte

A

Figure 5. = Schematic diagram of fuel system of |=-40 jet-propulsion engine with standard baro-
metric and 30-gallon nozzles Iconfiguratlon 8)-starting pump replaced by accumulator and

metering valve.
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Fuel manifolds
(duplex nozzles

small- =

port Smal ! Large
pressure ports parts
Qage

Chock valve-

Electrically
driven fuel punp
Flow

' Filter %
Strainer _\.
' divider-\ A Fuel
manifolds
Fuel r—] V.V -
spurce ‘ N)“ ' - ’-J\
\ ) Large~port

. pressure gage
Booster fuel Maln fus! A T e M}—Filter
pump pump

) Baronetrlc_l..:

rm—

Rel iaf valve

Draln valves

Single-lever caontrol valve

1
1
i
i
1 =
I W >
Cove FOEF oo s = = = e g
X
=
Figure 6. = Schematic diagram of fuel system of 1- 40 jet-propulsion engine with Syracuse con- 61
trol system and duplex nozzles Iconfiguration §). -
m
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o
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Control, oil linas

——————— Fuel ) Ines E E

Electrically driven Rallef valve
ffuel pump

Check valve

Fuel manifalds
(duplen nozzias)

Edwards regulator

: /—. vent to compressor
: | out lat
Smal | Large
! ports ports
! o
:-
" iy '\l
| S @
HEHu ¥ \ |
] = hod a Oil tank .
| & = | ) : 0r|f1ce—l o a
Fuel ® ‘ - v Lsmati-
sourca o =——-—I—N— 'ii'- part
® L Orifice Presgure |

Booater fual / €heck valve gage h
rn— )/
pumnp _J Stopoock P-Large-
Fual filtar Sundst rand pump 4 port
Strainar Flow divider pressurs

Drains
gage
Figure To=Schematic diagram of fu#l system of 1=40 jet-propulsion engine with Edwards regulator and
duplex nozzles iconfigurations 1@ and 11, except that 0 has no orifices in smallports or var-
iable-control oil lines nor electrically driven fuel pumpj.
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Manarch 30-gal lon
Nozzles

Fuel
manifold

yel-manifold-
pressu re gage

Wocdward governor
Solenoid
valves
Fuel
spurce

Booster __J/// Cthk
fuel pump valve

fue] filter

Metering

Fuel-pump- valve.

discharge tap

curmulator

Figure 8.- Schematic diagram of fuel system Of |~40 jet~propuislonengine with Woodward gov-
ernor and 30-gal lon nozzles Iconffguration 12), Woodward governor Incorporates main fue
pump, main governor, overspeed governor, relief valve, and manual-control valve
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Fuel
source

L —ﬁ

Electrically driven
fuel pump

wive u

Booxter

fuel pump Fuel

fllter

ernor and duplex nozzles (configurations 13 tol?).
fuel pump, main governor, overapaeed governor, rallef valve , and manual-cent rol

Smai )
ports

Orifice

Fuel manifoids
uplex nozzles)

Smali-
port
pPressure
gage

Woodward governoj%&

Flow dividar

N

Dralin valve

Large
ports

Larga-
port
pressure
gage

Flgure 9. - Schematic dlagram of fuel system of I~40 jet-propulsion engine with Woodward gov-

Woodward governor incorporates main
valve.
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Metering pin

ﬂs§$§xQSS§S§N§$S$s§§§§

~ oz

“
A T

ta) Monarch nozzle.

Inlet to large

Small

X e o pmer———— —
A
.m& W g -

inlet to small
ports

{(b) Duplex nozzle.

figure 10,- Types of fuel nozzle used !n wind-tunnel investigation of
1-40 jet-propulsion engine.
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Figure Il. =Pins used in acceleration dashpotof Woodwardgovernor.
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Four 0.250.holes -

L

same as A except for
Spacer

[«—0.50

’. : 0./56 D. hole

0. 07—

S&L +00%

|

Figure t2.-Modifications of Champion D8 spark plug used in wind-
tunnel investigation of 1-40 jet-propulsion engine.
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in in.)
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Lowvers

rosg-ignition passage

Type C liner and dome
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Figure 13. ~ Combustion-chamber | iners used in 1-40 Jet-propulsion engine.
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Free-stream
I mpact Ram
_ pressure pressure
Engi ne speed {(1v/sq ft) ratio
o Mninmm 1dling 40
C M ninmum stable 25
< Maximum 0.98 - 1.76
12x10°
< y, . J> # <>
10
8 "
B
- Roceleratipn inj this
g 6 rahge ssiblle /!
] /V
[, ]
[+1]
5 {cceEerat on
g, /i thils range /
(2] :
( npt alwWays
/ ppbssibile
INDARRY,
-/'0
0 10 20 30 40 50 x 10°

Fi gure 14.- Effect of altitude on o

nr Al

Al titude, ft
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Minimum 1dling engine speed, rpm

Fuel flow, lb/hr

8000

6000

4000

2000

o

g

200

53

AN

Configu—~ Regulator Nozzle

ration
< 9 Syracuse Duplex
A 11 Edwards  Duplex
v 13 Woodward Duplex

(a) Minimum idling speed

,‘*\
L —
/v —]

AN
S

W

Al titude,

10 20 30 40x 1

e

(b) Fuel flow required at minimum 1dling speed
Figure 15,~ Effeet Of altitude and fuel regulator on minimum

1d1ing speed and fuel
speed of [-40 jet-prop
pressure, 40 pounds per

fl ow required at _m ni num 1dling
ul si on engine. Free-stream impact
square foot.
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Configu-~ Nozzle Regulator
ration
o 1-7 Monarch 40— Barometrio
gallon
a 8 Monaf Ch 30~ Barometric
gallon
v 13-17 Duplex Woodward
8000
R .
11 6000 / f
i 4
" /
3 4
-l
% /
¢ 4000
z A /
<
5 x/ /
E i:ﬂ
0
10 20 30 40 x 105

Altitude, ft

Figure 16.,~ Effect of altitude and fuel nozzle on mM iimum 1d1ing speed
of 1-40 jet-propul sion engine. Free-stream inpact pressure,
pounds pér square Soot.

B 6000 /
' Fuell

3 e

& // R 3 Gosetine

.§ 4000 / V

. ).

é’ ”

3 =000

g
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Figure 19.,— Effect of airspeed and altitude on windmilling engine
speed of [-40 fet-mreomulsion emai ne. Airspeed based on 100-
percent ffree-stream ttotal-pressure recovery.

400
300 e
[~
vd — = v
200 — (/
— —
Q//V /:./
100 — /‘:‘l
L // 1
o

100 200 300 400 500 600
True ai rspeed, nph
Figure 20,- Effect of airspeed and altitude on fuel-punp
discharge pressure during windmilling of |-40 jet-~

propul sion engi ne (eonfigurations |7) Airspeed based on
100-percent free-stream total-pressure recovery.



784

NACA RM No. E8GO2d 57

70

(=}
S /
o
=
z
o /
¢ 4 //
& - A/
o
b
‘§ s0}- £ 7
5 o
Q
(&) o) ;/U .
Condition Ram pressure Altitude:
20 O ratio (rt)
/g o Engine windmilling 1.1 to 1.7 10,000 to
40,000
—ef 0 Engine operating 0.98 30,000
< Engine operating 1.32 30,000
) A Engine operating 1.76 30,000
10
SINACA
Of
0 2 4 6 8 10 12x10°

Corrected engi ne speed, sANe

Figure 21.~ Conparison of corrected air flows with engi ne wind-
milling and engine operating. (Data for engfne operating
fromreference 1, flg.41.)

~



Time to reach 11,000 rpm, sec

Time to reach 11,000 rpm, see

NACA RM No. E8G02d

49 \ Altigude NACA,
(rt)

\440,300
30 \‘Y 0,000
REINAN

20,000-\ \\:::\ \(.4OP°°°
10 \\ N
RN
T \\

o

. . [«]
(a) Effect of altitude at tall-pipe tenperature of 1100 F.

Or—2 | 1~-pipe \
temperat ri
°F) A

1000 +—— \——teco

30 =
200 -—\ \

20

? | AN

/
w

0
2 4 6 -8 10 12x103
Initial engine speed, rpm
(b) Effect of tall-pipe tenperature at altitude of 30,000 feet.
Figure 22.- Effect of Inftlal engine speed, altitude, and tall-
pi pe tenperature on acceleration of f-40 jet-propul sion

engine "ei‘;‘u'zgped with svandard barometric and Monarch 40-
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Pigure 28,- Effect of altitude on operational vari ables of [-40

jet-propul sion engine at oonstant throttle position. Pree-
stream impaet pressure, 40 pounds per square foot.
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insulation of [-4-0 jet-propulsion engine.
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Figure 33,-Diagrammatic sketch of standard barometric fuel control.
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I Thermal-unit flow-metering 15 Bel | crank

dev Ice {6 Connect i ng lever
2 Altitude-compensator flow-metering 1 7 Altitude-compensator
device power piston
3 Thermal piston 18  Yoke
4 Evacuated be | lows 19 Recalibrating lever
5 Altitude-compensator control valve 20 Roiler
6 Atmospheric bellows 21 Spring lever
7 Thermal uni t 22 spring
8 Fuel regulator 23 Control valve
9 Pi lot valve 24  Fuel-pressure power
10 Fly weights piston
I+ Governor pawer piston 25 Power-piston lever
12 Governor piston lever 26 Hydraul ic relay
13 Governor-adjustment lever 27 Sundstrand fuel pump
14 Governor-plston bel | crank 28 Oil pump )
29 variable-control oil
Manual I ine
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Figure 34,- Schematic diagram of Edwards fuel regulator.
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Figure 35. —Schematic diagram of Woodward fuel governor.
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